INTRODUCTION
Upper tract urothelial carcinoma (UTUC) is a relatively rare malignancy that accounts for only 5%-10% of all urothelial carcinomas. 1 At the moment, many clinical decisions making for UTUC are derived from evidence that based on bladder cancer cohorts, because the upper and lower urinary tract carcinomas share many characteristics. However, previous studies also found that there were many differences in practical, anatomical, biological, and molecular features which benefited risk stratifying and treating strategy making between them. [2] [3] [4] [5] The radical nephroureterectomy (RNU) with bladder-cuff resection is still the standard treatment for nonmetastatic UTUC to date. 1 Although the diagnosis and surgical techniques have improved, the survival outcomes have not significantly changed during last few decades. 6 The current risk stratification of UTUC is mainly based on postoperative data, including pathological tumor (pT) stage, tumor grade, lymphovascular invasion (LVI), lymph node metastasis, and concomitant variant histology (CVH). 1 As the management measures for different risk groups are different according to guidelines, thus it is
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Follow-up regimen
The follow-up schedule was made according to the guideline. 1 Simply, patients were followed every 3 months for the first year after surgery, semiannually for the 2 nd and 3 rd year, and annually thereafter, or as clinically indicated. Regular tests included urinary cytology and excretory urography of the contralateral upper urinary tract and routine checkups that included history, physical examination, blood laboratory tests, and chest radiography. If clinically indicated, selective bone scan and chest/abdomen computed tomography (CT)/magnetic resonance imaging (MRI) were elevated. 1 Disease recurrence was defined as local recurrence in the operating field, lymph node spread, and/or distant metastasis that had not been found in the preoperative examinations. Specifically, the tumor found in the urinary bladder or contralateral upper urinary tract after surgery was not regarded as tumor relapse.
Lymph node dissection was not routinely performed. As the indications for the adjuvant therapy (bladder instillation, systematic chemotherapy, and radiotherapy) are still not clear in European Association of Urology (EAU) guideline for UTUC, so we would recommend a single dose of adjuvant bladder chemotherapy (pirarubicin, mitomycin, or epirubicin) to prevent bladder recurrence after RNU. 1 The systematic chemotherapy (cisplatin-based or noncisplatin-based chemotherapy) or radiotherapy was recommended if 1) the surgical margin or lymph nodes were positive and 2) clinically indicated local or distant recurrence or metastasis during follow-up. But for those with comorbidities and impaired renal function, systematic chemotherapy was recommended with caution as chemotherapy-related toxicity could reduce their survival outcomes.
1
Statistical analyses
Continuous variables were analyzed using Student's t-test, and categorical variables were evaluated using the Chi-squared test.
Logistic regression was performed to assess the relationship between Cys-C and clinicopathological features. The cutoff value of Cys-C was determined using the receiver operating characteristic (ROC) curve and Youden index (Youden index = sensitivity + specifcity − 1), which were commonly used to select the cutoff points for the markers in clinical trials. 28 The value of Cys-C at the point where Youden index was maximum was set as the cutoff value. The Kaplan-Meier method was used to calculate survival outcomes including overall survival (OS), cancer-specific survival (CSS), and disease recurrence-free survival (RFS) in two groups, and the log-rank test was used to assess their differences. Univariable and multivariable Cox proportional hazards regression models were performed to evaluate the relationship between variables and OS, CSS, and RFS. Hazard ratios (HRs) with their 95% confidential intervals (CIs) were used to assess the strength of the individual variables. All reported P values were two-sided with statistical significance set at P < 0.05. Statistical analyses were performed using IBM SPSS Statistics version 22.0 (IBM Corp., Armonk, NY, USA).
RESULTS
A total of 538 patients with a mean age of 66.1 (standard deviation [s.d.]: 11.1) years were included in the present study, and the median follow-up duration was 38 (interquartile range: 19-56) months. Among participants, 265 patients (49.3%) had the tumor in the renal pelvis, 180 (33.5%) had tumor only in the ureter, and 93 (17.3%) had tumors involved in both sites. In addition, 182 patients (33.8%) were diagnosed with pTis/Ta/T1, 102 (19.0%) with pT2, 178 (33.1%) with pT3, and 76 (14.1%) with pT4. Positive lymph nodes were found in 48 (8.9%) patients. A total of 103 patients underwent lymph node dissection, and 48 of them were proved to have lymph node metastasis. At the time of analysis, 154 participants died from UTUC, and 180 patients died from all causes as well as 217 patients developed UTUC recurrence. The cutoff value of Cys-C was 1.4 mg l ). Compared with the low Cys-C group, the patients in the elevated Cys-C group were much older and had worse renal function and higher serum creatinine (all P < 0.001) ( Table 1) .
Logistic regression found that the age and serum creatinine were positively associated with Cys-C (relative risk [RR]: 1.070, 95% CI: 1.041-1.100 and RR: 1.017, 95% CI: 1.017-1.053, respectively), while estimated glomerular fltration rate (eGFR) was negatively correlated to Cys-C (RR: 0.961, 95% CI: 0.934-0.988) ( Table 2 ). In addition, ROC curve analysis found that Cys-C (area under the curve [AUC] = 0.593, P < 0.001) was much significant compared with eGFR (AUC = 0.567, P = 0.012), but creatinine was not a significant indicator (AUC = 0.542, P = 0.109). Kaplan-Meier analysis showed that the group with elevated Cys-C had worse CSS (P = 0.001), RFS (P = 0.003), and OS (P < 0.001) compared with the group with low Cys-C level ( Figure  1 ). The overall estimated 5-year CSS, RFS, and OS were 45.3% ± 6.7%, 36.3% ± 5.5%, and 42.3% ± 5.1%, respectively, in the patients with and adjuvant therapy both were found to be related to CSS (HR: 1.014, 95% CI: 1.004-1.023 and HR: 0.656, 95% CI: 0.468-0.921, respectively; 
DISCUSSION
This is the first study to evaluate the relationship between preoperative serum Cys-C level and the survival outcomes of UTUC. The results showed that the elevated Cys-C contributed to shorter CSS, RFS, and OS in UTUC patients after RNU treatment. Serum Cys-C was demonstrated as an important biomarker of renal function and even more sensitive for estimating eGFR than serum creatinine. 17 The elevated Cys-C was also found to be related to worse renal function in our study. In addition, the results confirmed that the elevated Cys-C was as an independent prognostic predictor of survival outcomes in UTUC patients in the multivariable analysis. Evidence has proved that renal insufficiency significantly increased the mortality after cancer treatments. 29 The eGFR in our study was calculated using elevated Cys-C and 66.7% ± 3.2%, 51.9% ± 3.6%, and 62.5% ± 3.3%, respectively, in their counterparts. In univariable analysis, the results showed that the elevated Cys-C was associated with worse CSS (HR: 1.708, 95% CI: 1.234-2.365; Table 5 ). Furthermore, the advanced tumor stage, high tumor grade, positive lymph node and margin status, the presence of LVI, with CVH, size ≥3 cm, sessile architecture, and perioperative transfusion all contributed to worse CSS, RFS, and OS ( Table 3-5) . While, eGFR was only related to RFS (P = 0.018; Table 4 ).
In multivariable analysis, the elevated Cys-C was also identified as an independent prognostic factor for CSS (HR: 1.997, 95% CI: 1.331-2.996; Table 5 ). The results also suggested that tumor pT stage, lymph node invasion, and tumor size were independent predictors of OS, CSS, and RFS ( serum creatinine levels, and our results also found that the eGFR was a significant prognostic factor in UTUC patients, like the findings in other tumors. [19] [20] [21] Thus, the prognostic impact of Cys-C in UTUC may be partly attributed to its correlation with renal function. In addition, adjuvant therapy was proved to be related to CSS and OS in multivariable analysis, which was partially consistent with the results of a recent meta-analysis which indicated that adjuvant chemotherapy was associated with OS and disease-free survival. 30 Cys-C is an inhibitor of cysteine proteases which could facilitate the cell proliferation, differentiation, and migration in vitro. 31 Previous studies reported that serum Cys-C was elevated in patients with breast cancer, prostate cancer, colorectal cancer, melanoma, and ovarian cancer. [32] [33] [34] [35] Recently, Yuan et al. 36 assessed 1063 nasopharyngeal carcinoma patients and they found that high serum Cys-C was independently associated with poor prognosis. Guo et al. 11 also found that high preoperative serum Cys-C was significantly associated with shorter OS and disease-free survival in 325 renal cell carcinoma patients. These findings were in line with the results of our cohort. However, the Cys-C was rarely detected or downregulated in various tumor tissues compared with that in normal tissues, 11, 31, 37, 38 which indicated that Cys-C might be inhibited by tumorigenesis.
The researchers believed that the balance between Cys-C and cysteine proteases played an important role in tumor cell invasion and migration; however, the potential mechanisms remain unclear. Previous studies suggested that Cys-C could inhibit activities of cathepsins, a family of cysteine proteases that can promote cancer cell invasion and metastasis, and it was also involved in other activities related to tumor regression. 38 Cys-C was secreted into serum by immune cells and played a role in immune response to cancer-induced damage. Furthermore, cystatin family could also induce macrophages releasing nitric oxide and regulate cellular interleukin and cytokines in T-cells and fibroblasts and further modulate cell differentiation, proliferation, and biological activities. 39, 40 Therefore, high level of Cys-C may reflect the high level of inflammation and immune response in vivo, which may correspondingly indicate the high ability of malignancy and invasion of the tumors. However, how tumorigenesis conversely inhibits the expression of Cys-C in tumor tissues is still unknown. Furthermore, the expression level of Cys-C in UTUC tissues from patients' samples remains unclear either to date.
Some limitations in this study should be informed. First, the retrospective nature of this study may cause selection bias and cannot exclude potential confounding factors; in addition, lymphadenectomy is not routinely performed as there is no consensus on the lymphadenectomy pattern for UTUC and its additional benefits are still uncertain except for providing accurate staging and predicting survival. 1 The oncological outcomes could also be affected by surgical approaches, although there was no difference in surgical approaches between two groups. Indeed, this study is the first to explore the relationship of preoperative serum Cys-C and prognosis of UTUC. The results of the present study should be validated by future prospective studies, and the potential mechanisms should be further investigated.
CONCLUSIONS
The preoperative serum Cys-C level was not only a predictor of renal function but also proved to be an independent prognostic predictor in patients undergoing RNU for UTUC. Cys-C may act as a useful biomarker to preoperatively select high-risk patients who may need adjuvant therapy and should be monitored more frequently after surgery.
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